The primary objective of this paper is to examine how, and to what extent, changes in income tax rates and income tax deductions affect income inequality from a longitudinal perspective, by using microdata of Japanese individuals and households. The findings of this paper could shed light on the effects of tax rates and tax deductions on tax progressivity. First, redistributive effects of Japanese income tax reforms declined for the period from 1984-2009. Second, the tax reforms with reductions in tax rates and in tax base gave rise to greater redistributive effects of income tax rates and smaller redistributive effects of tax base. Third, any progressivity measure and approach to determine pretax income showed the same trends, with respect to the redistributive effects of tax reforms.
Introduction
Numerous researchers have conducted empirical studies to investigate the redistributive effects of income taxation across countries or year ranges, using microdata at an individual or household level (e.g., Bishop et al., 1997; Bishop, Formby, and Zheng, 1998; Dandanoni and Lambert, 2002; Kakwani, 1977; Kasten et al., 1994; Lambert, 2001; Lambert and Thorensen, 2009; Thorensen, 2004) . It is well known that the tax reforms of the 1980s and the 1990s in the Organization for Economic Co-operation and Development (OECD) countries led to substantial cuts in marginal tax rates and changes in income tax deduction thresholds. Existing empirical studies have examined the relationship between taxation reforms in these periods and the redistribution through income taxes for Western countries, such as the United States (Bishop et al., 1997; Kasten et al., 1994) , Norway (Lambert and Thorensen, 2009; Thorensen, 2004) , Sweden, and the United Kingdom (Bishop et al., 1997) . These studies found that the redistributive effects of personal income tax remained unchanged after tax reforms in the 1980s and the 1990s in Sweden, the UK, and the US, but decreased after the tax changes in the 1990s and the 2000s in Norway.
Incidentally, in the major tax reforms of 1987 and 1989 in Japan, there were large cuts in the marginal tax rates, particularly for those in the top income bracket, and an increase in income tax deductions (e.g., Ishi, 2001) . In contrast to the case of Western countries, however, the redistribution effects of Japanese income tax reforms have rarely been examined using microdata at an individual or household level. 3 Although there exist a small number of empirical works concerned with income redistribution in Japan, they have primarily focused on the trend of posttax income inequality and inequalities arising from intergenerational transfers between the young and the elderly (e.g., Fukawa and Oshio, 2007; Oshio, 2006) . Further, to the best of our knowledge, the studies concerned with tax reforms in Western countries have not addressed how income tax rates and tax deductions individually influence a posttax income inequality.
The primary objective of this paper is to conduct a longitudinal study of how, and to what extent, changes in income tax rates and tax base affect income inequality, using microdata of Japanese individuals and households. We used data sourced from the National Survey of Family Income and Expenditure (NSFIE) from 1984-2009, collected by the Ministry of Communication and Internal Affairs (MIC). We estimated the magnitude of redistribution caused by changes in tax rates and tax base by applying each year's tax law to earnings and computing income, taxable income, and after-tax income, taking into account household characteristics. The Reynolds-Smolensky (RS) and the Blackorby-Donaldson (BD) indices were employed as measures of inequality.
Among progressivity measures that have been developed for substantial and strict evaluation of the progressivity of a tax system, the RS index is used to measure tax progressivity by comparing the distribution of pretax income to that of posttax income; that is, by observing the disparity in the income shares of taxpayers ranked by income.
4 Pfahler (1990) and Lambert (2001) also showed that the RS index could be precisely decomposed into tax rate and tax base effects. Also, this sort of measure, based on quantile share information, relies on there being no-reranking of property, referring to the concentration coefficients of pretax incomes, with respect to posttax or taxable incomes. 5 Under the Japanese personal income tax system, the no-reranking property does not hold because tax bases are determined by not only pretax incomes, but also by the demographic composition of households and incomes of the individuals in a family.
We then developed the modified RS indices, which are redistributive measures, with respect to taxable and posttax incomes, in the form of Gini coefficients rather than concentration coefficients, to eliminate the influence of reranking. In contrast, the BD index is used to measure progressivity as the proportionate increase in equality, relative to the initial level of equality, based on social welfare functional reasoning. As both indices have a wide range of disparity in terms of evaluation of inequality, we used both of these indices.
Further, in assessing tax policies from an intertemporal perspective, it is of great interest to isolate the effects of tax policies to obtain a better understanding of the driving forces behind pre-and posttax income inequalities. As a way to determine pretax income, we adopted the "fixed income" approach, in which the distribution of pretax income in a base year is exposed to various tax laws in a given period, to keep income, characteristics of families, and demographic composition constant. However, the fixed 4 Besides, there are many existing works concerned with the measurement of redistribution policies. Related to the present paper, Pechman and Okner (1974) evaluate inequality reduction as a percentage of pretax income, and Fellman et al (1999) measure inequality reducing performance of redistribution policy as the percentage of the maximum reduction scheme, yielding the same amount of tax. 5 Refer to Lambert (2001) and Cowell (2011) for an introduction to the concept of rerankings in relation to inequality measures.
income approach has some drawbacks, such as instability in measurement of inequality (e.g., Lambert and Thorensen, 2009 ), so to improve the robustness of our results, we also adopted the transplant-and-compare (T-C) procedure developed by Dandanorni and Lambert (1992) . The T-C procedure is a methodology to evaluate income distribution from a longitudinal viewpoint, under which a posttax distribution is compared to a common regime by correcting for any pretax distributional changes that may have occurred across periods.
The primary contribution of this study is our assessment of the redistributive impacts of income tax rates and tax base, using individual and household microdata. A number of empirical studies have attempted to find the association between tax reforms with declining progressivity and the redistributive effect of income taxation, by measuring the disparity of altered income distributions between pre-and posttax incomes (e.g., Bishop et al., 1997; Lambert and Thoresen, 2009; Thoresen, 2004) . However, despite the fact that changes in tax deductions and tax rates, as seen in tax reforms in OECD countries in the 1980s and 1990s, are expected to have distinct effects on progressivity, no study has been aimed at distinguishing the redistributive effects of tax rates from those of the tax base, caused by tax reforms in the period. It seems that both wider tax deductions and lower tax rates in each income bracket have a negative impact on tax progressivity. It is, however, difficult to determine in advance the effects of such a seemingly low progressive tax reform on the redistributive effects of tax schedules, because these effects also depend on the shape of income distribution. For example, under a uniform income distribution, no redistributive effects are reported even if progressive tax schedules are applied. This paper explores the redistributive effects of tax rates and base distinctively, based on progressivity measurements such as the RS and BD indices. By including in our sample the major Japanese tax reforms over the period 1984-2009, which involved large variations in marginal tax rates and tax deductions, we ensured the robustness of calculations of tax progressivity.
Another contribution of this study is that we addressed the progressivity effects of tax rates and base from the various perspectives of tax progressive measures and pretax income definition. To attain consistent estimates of such measures, as stated above, we employed several progressivity measures and rectified these indices to take into account rerankings in the income distribution. In addition, to deal with variations in income distribution over time, which are likely to result in a false measurement of progressivity, we applied the fixed income approach, in which pretax income is fixed at the base year, to our household income data. From the perspective of longitudinal comparisons of the redistributive effects, we employed several base years for pretax incomes in the fixed income approach. The T-C method is also implemented to improve the robustness of results.
We obtained the following three main findings. First, the redistributive effects of Japanese personal income tax declined between 1984 and 2009. Some empirical studies found that the redistributive effects of personal income tax did not change after tax reforms in the 1980s and 1990s in OECD countries, including Sweden, the UK, and the US (Bishop et al., 1997; Kasten et al., 1994) , but others stated that they did decrease after the tax changes in the 1990s and 2000s in Norway (Lambert and Thoresen, 2009; Thoresen, 2004; Thorensen et al., 2011) . Japanese income tax reforms in the 1980s-2000s led to lower redistributive effects on personal income taxes.
Second, reductions in tax rates and in tax base arising from income tax reforms gave rise to greater redistributive effects of income tax rates and lower redistributive effects of tax base. The reduced redistributive effects from changes in tax base are in line with the logic that a uniform tax base reduction for all taxpayers is associated with less progressivity. It is, however, a surprising result that during the periods 1984-1989 and 1994-2004 , the redistributive effects of tax rates increased, despite the lower marginal tax rates for each income bracket resulting from the income tax reforms. This result can be attributed, in part, to the measurement of the equalizing effects of tax rates. As the effects are computed by comparing inequality measures of taxable income and posttax income, they rely on changes in tax base as well. Thus, the declining tax bases brought about more unequal taxable income distribution, with the redistributive effects of tax rates being more progressive. It can be inferred from this result that when assessing the progressive impacts of tax reforms in terms of tax rates and tax base using the Gini-based inequality measures, changes in tax base as well as those in tax rates influence progressivity. In addition, the regressive impacts of tax reforms are weakened by smaller marginal tax rates for low-income earners after the tax reforms and the less progressive property of income tax for high-income earners before the tax reforms, in the periods from 1984-1989 and 1994-1999. Third, most progressivity measures and approaches to determine pretax income show identical trends with respect to the redistributive effects of tax reforms over the period.
The evaluation of tax reforms, from the perspective of redistribution, is known to depend on the choice of inequality measures and the employed parameters for such measures, including Gini-based indices and the Atkinson inequality-based indices (e.g., Lambert and Thorensen, 2009 ). Moreover, the methods for determining pretax income and the selection of the base year income for the fixed income approach are closely related to tax progressivity outcomes (Kasten et al., 1994; Lambert and Thorensen, 2009) . For this reason, we could demonstrate the reliability of our analysis if we obtained consistent results from several types of tax progressivity measures and definitions of pretax income. Our results from the RS index and the two BD indices for any approach to determine pretax income follow the same trends, although the amounts differ slightly. Therefore, it is found that the consequences attained could be consistent and reliable.
Japanese Personal Income Taxation and Calculation of Incomes

Japanese Income Tax and Its Reforms
In 1949, after World War II, the modern Japanese tax system was established by a tax mission headed by Carl S. Shoup, with the aim of establishing a stable and permanent tax system that centered direct taxes. One of the features of the Japanese tax system was that there was a strong reliance on direct taxes, mainly income taxes from individuals and corporations. In 1995, for example, 36.6% of total tax revenues in Japan were collected from income taxes, which is smaller than that in the USA (45.8%) and the UK (36.9%) but larger than in other European countries including France (17.6%) and Germany (30.1%) (Ishi, 2000) . 6 This tendency toward heavy dependence on income taxes was stronger before 1990 because of the nonexistence of consumption taxes and greater tax burden on incomes. 7 In recent years, the ratio of consumption taxes to total taxes has increased because of the increase in consumption tax rates and the declining tax burdens on individual and corporate income taxes. In the 1970s and the 1980s, issues such as bracket creep caused by inflation and horizontal inequality in taxation on interest receipts became apparent. To deal with these issues, the Japanese government conducted fundamental reforms of the tax system in 1987 and 1989.
Insert Figure 1 about here
The Japanese income tax reforms in the 1980s and the 1990s resulted in lessened marginal tax rates and increased tax deductions and exemptions, which causes a decline in the tax base. The tax reforms in other developed countries in the 1980s and the 1990s also rendered income tax rates lower than before. The income tax rates in every income bracket have been decreasing since the early 1980s, and those for the highest income bracket, in particular, have dropped considerably. In the 1980s, there was a criticism that high income tax rates relative to other developed countries caused deterioration in the economic efficiency of Japanese firms and individuals (e.g., Ishi, 2000) . Furthermore, the inflation that had prevailed over developed counties-including Japan-in the 1980s raised a bracket creep problem, that is, an increase in income tax rates resulting from changes to the upper income tax bracket, via inflated nominal income. Figure 1 depicts marginal tax rates against taxable income for the every 5 years from 1984 to
2009. As can be seen, the top income tax rates decreased over the period except for 2009 and at the same time, to cope with the bracket creep problem, the width of each bracket was enlarged. 8 In fact, one of the objectives of the tax reform was to widen the brackets for the medium income group to reduce the tax burdens stemming from bracket creep. When introducing the general consumption tax in 1989, the total income tax liabilities were reduced through declining income tax rates and increased tax deductions and exemptions, so the total tax burden for individuals remained unchanged. Meanwhile, in 2009, the tax rate scheme was further complicated because income tax rates were altered, following changes in rates of local taxes on personal income-called "personal inhabitant tax" -in Japan.
Insert Table 1 
Calculation of household income from microdata
In this study we employed microdata of Japanese individuals and households from the National Survey of Family Income and Expenditure (NSFIE) provided by Ministry of Internal Affairs and Communication (MIC). 10 The NSFIE is a sample-based survey conducted every five years, comprising information on earnings, marital status, sex, age, job, and type and status of employment. 11 The demographic attributes are stored separately for each member of the household. The earnings of household members except for the head of the family and his/her spouse are aggregated as earnings for members aged 65 or over and those aged 64 or under. In some cases, it is difficult to match each member's attributes with their earnings on one-to-one level. Therefore, we matched as many members' demographic attributes and earnings as possible, and eliminated from the sample households in which members' incomes were not able to be precisely matched. 12 The following earnings were included in the sample: salaries, This means that inequality measures of the market income from the NSFIE tend to be lower relative to those gained from CSLC. In effect, however, the measures from both microdata exhibit a similar downward trend. 11 Consumption of specific items and holding properties were also surveyed. 12 When matching the data, we made use of employment status data as well for identification purposes. For example, if only one employee aged 64 or under, or 65 or over exists in a household, then we were able to identify the source of earnings in the household.
agriculture and fishery business, business other than agriculture and fishery, on-the-side jobs, pension and retired income, and housing and land rent. Earnings from interest and dividends were not taken into account because reports of these income sources are somewhat inaccurate in the NSFIE. We also excluded captive uses from agricultural and fishery products and owner-occupied house, because of difficulty in assessing of them.
14 Each member's earnings, income, taxable income, and tax burdens were calculated for all households, according to the following steps. First, "income" is defined as earnings minus either costs (for business revenue) or deductions for salaries (for wage income). Employment income is income derived from salaries, wages, bonuses, and allowances.
Second, taxable income is calculated by subtracting income tax deductions and exemptions from income. Tax deductions and exemptions taken into account in the current study include medical expenses, social insurance premiums, life insurance premiums, fire and other casualty insurance premiums, exemptions for working students, spouses, and dependents, special exemption for spouses, and basic exemption. In the light of the purpose of this study-that is, examining the redistributive effects of tax rates and tax base-tax credits were not calculated here.
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To accurately compare different sized households, income was measured using an equivalent scale. Taking into account economies of scale in households, household income was divided by the square root of the number of household members (including children). After-tax income and taxable income were also adjusted using an equivalent scale. Trends in earnings and income were adjusted by growth rate, calculated by dividing total annual earnings by the corresponding annual earnings in the standard year. 17 Meanwhile, in order to make the tax systems comparable across the various years, the same normalization was applied to the thresholds of income brackets and tax deductions and exemptions in each year.
Measurement of the Redistributive Effects of Tax Rates and Base
The current study calculates the Reynolds-Smolensky (RS) and the BlackorbyDonaldson (BD) indices, and then evaluates the equalizing effects of tax scheme, tax rates, and tax base. With regard to the decomposition of overall redistribution effects into rate and base effects, we use the methodology shown in Pfahler (1990) and Lambert (2001, ch. 8) to compute the contributions to progressivity of the tax rates and deductions. It is assumed that for each ∈ (0,1) there is just one pretax income with rank = ( ), where ( ) is a distribution function of pretax income . Because the Gini coefficient is a measure based on the Lorenz curve, Lorenz curves relating to this analysis are defined as:
where ( ) is a density function, denotes mean pretax income, and denotes overall average tax rate. Then ( ) indicates the Lorenz curve for pretax income.
( ) and ( ) are, respectively, the distribution and density functions of posttax income = − ( ), and is the Lorenz curve for posttax income. The same argument holds for gross income net of deduction: That is, ( ) and ( ) are the distribution and density functions of the tax base = − ( ).
denotes the average rate of deduction / , and is the Lorenz curve for taxable income.
In what follows, the Gini coefficients for pretax income, posttax income, and income net of tax deduction can be expressed in terms of the Lorenz curves defined above:
The standard year is defined as 2004 in this study.
where represents the Gini coefficient for pretax income, the Gini coefficient for posttax income, and the Gini coefficient for income net of deduction. From the definition of the RS index, versions of the RS index in terms of tax burdens and tax deductions are expressed as:
where Π is the RS index that measures the redistributive effects of overall tax burdens on income inequality, taking into account reranking after taxation. Π is the RS index that measures the redistributive effects of tax rates. Π represents the progressivity of income tax in the light of changes in tax deductions. The definitions of these indicators slightly differ from those based on standard concentration coefficients because the Gini coefficients were adopted as the indices to measure distribution after changes in tax schemes.
As shown in Lambert (2001, ch. 8) , usually the overall RS index is defined in terms of the separation of the coefficients and , the concentration coefficient for posttax income, preserving the ranking of taxpayers equal to that in pretax distribution.
However, the no reranking assumption does not hold for the Japanese income taxation, for deductions and exemptions are determined taking into account elements other than earnings, such as characteristics and income of household members. Therefore, to deal with this problem, in this study we quantified the equalizing effects of tax schedules in terms of its impact on the Gini coefficient, as shown above. Using such modified RS indices, the term capturing the negative contribution of reranking emerged as the difference between the Gini coefficient and the concentration coefficient for posttax income, which is expressed by − . We then evaluated the extent of the reranking effects by calculating the difference mentioned above, for every modified RS index. The reranking effects become positive by the definition of the concentration coefficients, as seen, for example, in Theorem 2.2 of Lambert (2001) ; larger reranking effects can be interpreted as frequent occurrence of reranking. It also seems that more rerankings arise from complicated tax schedules with tax liabilities being dependent on elements other than income.
The BD index proposed by Blackorby and Donaldson (1984) is also used in this analysis:
where ( ) represents the Atkinson index for pretax income, with a constant-inequality-aversion parameter . Π indicates the percentage increase in income equality stemming from overall tax reform, where equality is measured as (1 -inequality). Equally, Π and Π indicate the percentage increase or decrease in equality caused by change in tax rates and change in tax base, respectively.
As stated in the literature, the degrees of changes in redistributional effects through tax reforms across time are not only explained by the tax reforms themselves, but also changes in income distribution (e.g., Lambert, 2001) . Because income distribution is subject to income, consumption, family characteristics, and demographic composition in society, it is difficult to precisely evaluate the effects of tax reforms on posttax income distribution and tax progressivity by using the actual pretax income. To isolate the effects of tax policy changes alone, we adopted the fixed income approach proposed by Kasten et al. (1994) . 18 That is, we applied each year's tax law to a sample of families in a single year, to fix income, characteristics of families, and demographic composition.
The fixed income approach is considered better than that applied to actual incomes. It is, however, pointed out that the outcomes of this approach vary by the adopted base year of the income. Lambert and Thorensen (2009) , for example, stated that the criterion that results should not be sensitive to the choice of the base year when applying a methodology in order to rank tax progressivity effects of tax schemes, means that the fixed income approach is not adequate for this sort of analysis. Instead, they proposed using a transplant-and-compare (T-C) procedure developed by Dardanoni and Lambert (2002) , in which posttax distribution is compared to a common regime by correcting for any pretax distributional changes that may have happened across the period. Lambert and Thorensen (2009) also mentioned that the fixed income approach yielded unreasonable results in the application for the Norwegian tax reform, and thus, is difficult to apply in the sense of requiring information with respect to tax changes.
Therefore, we also applied the T-C procedure to the Japanese tax reforms in order to examine robustness of this analysis.
However, in this paper we mainly refer to the results found using the fixed income approach rather than those found using the T-C procedure from the following reasons.
First, unlike the previous studies in which the T-C procedure was adopted, 19 the pretax income distribution may not follow an isoelastic distribution, such as lognormal. As
Lambert and Thorensen (2009) mentioned, the key assumption that has to be satisfied when the T-C procedure is applied is that the base pretax income distribution differs isoelastically from others only in location and scale, with regard to logarithms. For example, they regressed the log of the gross income of Norway in the base years-1992,
1998, and 2004-on those in the remaining other years, and found that the goodness of fit of the regressions ( ) is significantly high, with the majority over 0.95. In the current work, as can be seen below, less than one third of values for the regressions in each base year are over 0.95, and some of them are below 0.90, meaning that the assumption of isoelastic distribution is not satisfied. Second, some deficits in the fixed income approach do not apply to this analysis. Because we developed a calculation procedure for Japanese personal income tax schemes over every year, the application of the fixed income approach to our data is relatively easy. Moreover, using the fixed income approach we obtained an identical pattern of results from the income data of different base years, meaning that major concern with regard to this approach-the sensitivity of outcomes to the choice of the base year-did not arise in this case. It follows that while focusing more on the estimation results obtained by using the fixed income approach, we took into account the results from T-C procedure as well with the aim of determining more reliable implications of the progressivity effects of tax reforms.
Data
19 See, for instance, Lambert and Thorensen (2009) and Thorensen et al. (2011) . Insert Tables 2, 3 , and 4 about here Table 3 presents the same statistics as Table 2 , but in terms of taxable income. Similar to income, mean and median taxable incomes did not change in the period, but inequality measures increased, though less rapidly than income. Specifically, SCV, TI, and the two estimates of AI increased by more than 50%. Because the growth rates of the median and the mean logarithmic deviation (MLD) are negative, the extent of the increasing inequality could possibly be weak for taxable income compared with income. Table 4 also shows the posttax income trends were close to those in Table 2 and 3. That is, mean and median values for posttax income remained constant over the period, while inequality measures rose more sharply than income and taxable income. SCV, TI, and the two measures of AI more than doubled, and furthermore, the maximum and P90/P10
grew by approximately 150%. The swiftly increasing trend in posttax income may indicate that in addition to an increasing inequality in the pretax income, the redistributive effect of income tax schemes tends to be less progressive.
Results
Basic results
Insert Table 5 about here Table 5 presents the redistributive effects of income tax rates and tax base, evaluated by the RS and the two BD indices-corresponding to = 0.25 and = 0.75-and the reranking effects between 1984 and 2009. In this analysis, each year's tax law is applied to the same year's pretax income, so it is probable that factors other than changes in tax law influence the magnitudes and signs of inequality measures. In the light of the growth rates from 1984 to 2009, in the rightmost column of Table 5 , the overall RS index was found to decline by 25% during the period. We also noted the growth rates in 1984-1989, 1994-1999, and 2004-2009 because there were major income tax reforms for tax rates and deductions in these periods. The growth rates of the RS indices in 1984-1999 and 1994-1999 Explaining this result is difficult because income tax rates and base altered at the same time, and both changes influence tax progressivity. When looking at the redistributive effects of tax rates, they exhibited unexpected results. Throughout the period tax rate effects declined, whereas despite the fact that tax rates in each threshold-including the top tax bracket-decreased in 1984-1989 and 1994-1999 , the redistributive effects of tax rates increased during the periods. In contrast, in 2004-2009 tax rate effects dropped with increasing tax rates in every bracket. The redistributive effects of tax base fell in 1984-1989 and 1994-1999, but rose in 2004-2009 . This pattern of changes in tax base effect can be explained by the reduced tax bases in the former two periods, and by an increased tax base in the latter. The growth rates of the BD indices are inconsistent with those of the RS indices, sometimes having the opposite sign. From these results, it can be inferred that some parts of the variation in inequality measures result from that in income or different measurement of inequality indices. In other words, redistributive measures aimed at determining the progressivity effects of tax reform may be contaminated by factors other than variation in taxation.
Insert Table 6 about here We then use the fixed income approach developed by Kasten et al. (1994) . Table 6 provides the progressivity measures and trends in tax progressivity between 1984 and For 1984 For -1989 the RS and BD indices of tax rate effects increased despite the reduction in marginal tax rates in each income bracket. This result is surprising because lower marginal tax rates in each income bracket are usually expected to yield weaker tax progressivity, or less redistribution for posttax income. As we see later, this counterintuitive result is primarily related to the changes in tax base, which were carried out simultaneously with a reduction in tax rates. In contrast, larger tax deductions and exemptions-yielding a smaller tax base-for 1984-1989 and 1994-1999 reduced the RS and BD indices. The findings are intuitive because the equal amounts of shrinking in tax base for all taxpayers yield larger tax burdens for poorer income earners to total income, leading to a more regressive effect of tax base. Further, the reranking effect measures show that total frequency of rerankings decreased but the rerankings for tax base increased. This indicates that from a horizontal equality perspective inequality became less common in total.
Insert Tables 7-11 about here We next consider the estimation of progressivity measures that are derived from applying 1984-2009 tax laws to an income in the base years-1989 years- , 1994 years- , 1999 years- , 2004 years- , and 2009 , and 11 present the results of the inequality measures applied to incomes from 1989, 1994, 1999, 2004, and 2009 . As can be seen in Tables 7-11 , for all indices total redistributive effects and tax base effects fell in the period 1984-2009, while rate effects rose in the same period. This finding means that the redistributive effects of income tax schedule became less effective because of changes in the base effects toward more regressive ones, with tax base shrinking over the period.
Regarding the growth of progressivity measures in each period, the RS and both BD indices shown in Tables 7-11 demonstrate that in the periods 1984-1989 and 1994-1999 , the tax rate effects improved after major marginal tax rate reduction, but the tax base effects worsened after the expansions of tax deductions and exemptions. This surprising finding with respect to rate effects is equal to those in Table 6 . Further, the three indices indicate that in 2004-2009 rate effects declined but base effects rose, implying that an increase in tax rates in the term negatively affected the equalizing effects of tax rates, whereas an increased tax base-i.e., reduced tax exemptions-has a positive impact on base effects. The result of rate effects is also counterintuitive, although consistent with the results obtained in the previous estimation of this study.
The growth rates of reranking effects in these analyses provide evidence of a negative trend in relation to total effects and positive trend in relation to base effects.
In summary, by using the fixed income approach, we found that for all indices the total redistributive effects of Japanese income tax decreased between 1984 and 2009. Moreover, after the tax reforms toward lower marginal tax rates and smaller tax base, the redistributive effects of tax rates increased, but those of tax base declined. This finding concerning rate effects is surprising for the reason that a declining tax rate is expected to lead to weaker redistribution effects of tax rates. In addition, the trends in the RS index and the two BD indices basically reach an identical conclusion among the selected base years of the fixed income approach. This fact could enhance the reliability and robustness of this study, as it is frequently pointed out that the outcomes of inequality measures and their trends vary by selected measures and approaches to determine pretax income (e.g., Lambert and Thorensen, 2009 ).
It is revealed from this analysis that the tax reforms that lowered income tax rates and, at the same time, increased tax deductions and exemptions reduced rate effects. We next consider why this surprising result is obtained. First, this result is concerned with the uniform reduction of the tax base for all taxpayers, which puts larger tax base reductions on low-income earners with regard to total income, with taxable income distribution being more unequal. Such an unequal distribution then increases the effectiveness of the equalizing effect of tax rates. 20 Thus, a decreasing tax base arising from expanding tax deductions and exemptions gives rise to stronger redistribution via tax rates. This logic could hold for changes in the Japanese income tax scheme in the periods 1984-1989 and 1994-1999. Insert Table 12 about here
In addition, in the periods 1984-1989 and 1994-1999 , small marginal tax rates for low taxpayers after the tax reforms and those for high taxpayers before the reforms seemed to weaken the regressive impacts of the tax reforms on rate effects. This respect can be found in This feature means that the actual progressivity of the 1984 personal income tax was lower than expected for the high statutory tax rates, because these extremely high tax rates were not applied to any income earners. It follows that the large scale tax reforms in the late 1980s possibly did not lessen the redistributive effects of tax rates, but, rather, strengthened its equalizing power. Because the Japanese income tax reforms were aimed at reducing both tax rates and tax base at the same time, vice versa, this argument holds for the tax changes in the periods 1994-1999 and 2004-2009 .
Transplant-and-compare procedure
As mentioned in Section 3, the fixed income approach may be inadequate for this analysis. Therefore, we applied the transplant-and-compare (T-C) procedure to the income data for Japanese households, to test the tax progressivity effects and check robustness. Because the inequality measures obtained from applying the fixed income approach seem to demonstrate the almost identical pattern for every year's income, we employed the household income data from 1984, 1994, and 2004 . To ensure that the T-C procedure is valid for the current analysis, it must be assumed that pretax income distribution is isoelastic, or has a property of base independence, as in Dandanoni and
Lambert (2002) and Lambert and Thorensen (2009) . We then assumed that under the assumption of isoelastic property, pretax income distributions differ only in location and scale, or their logarithms differ only by their intercepts and slope parameters. When comparing a base year tax policy with a tax policy at year , we then regress pretax income in the base year on that in the year , :
where is a random error, and subscript stands for an index of households who are ordered from the bottom with regard to the pretax income in each sample. According to the empirical approach of Lambert and Thorensen (2009) 1994-1999 and 2004-2009 . Moreover, it is inferred from these progressivity measures that in 1984-1989 and 1994-1999 , the tax reforms toward less progressive tax rates and lower tax base made the equalizing effects of tax rates intense, but such effects of tax base weak. However, some indices of rate effects and base effects-such as the 1984-1989 growth rate for the BD index with the 1984 base income and the 1994-1999 growth rates for the two BD indices with the 1994 base income-exhibit the opposite signs to the previous ones, thereby implying that the worse fits of the regressions somewhat affect the estimates. It follows that although in the current analysis the T-C procedure is not a better method for comparing progressivity measures of tax reforms than the fixed income approach, we can attain the same pattern of changes in the inequality measures as when the fixed income approach is used.
Conclusion
In the 1980s some OECD countries dropped their tax progressivity through tax reforms.
When Japan implemented the 1987 and 1989 fundamental tax reforms, the income tax rates-in particular of those in the top income-declined and tax deductions increased.
This was aimed at lessening the income tax burdens for the middle income earners. A number of studies associated with redistributive effects of income tax reforms in the OECD countries have been accumulated in recent years (e.g., Bishop et al., 1997; Lambert and Thoresen, 2009; Thoresen, 2004; Thoresen et al., 2011) . However, despite the existence of major income tax reforms, few researchers have addressed the equalizing effects of the Japanese tax reforms. Moreover, the focus has rarely been placed on the redistributive effects of income tax rates and tax base.
In this study we therefore attempted to reveal the progressivity effects of the Japanese tax reforms in terms of income tax rates and tax base, using microdata from Japanese Dardanoni and Lambert (2002) , was also used, where incomes are transplanted from another year income to get rid of any noisy elements. We examined the progressivity of income taxation, by comparing the sizes of overall redistributive effects, rate effects, and base effects in 1984-2009. We obtained the following three results. First, the total redistributive effects of the Japanese income tax schedule declined between 1984 and 2009. During this period, the redistributive effects of tax rates increased, and those of tax deductions and exemptions decreased. Second, the income tax reforms with reductions in tax rates and in tax base gave rise to greater redistributive effects of tax rates and smaller redistributive effects of tax base. This is a surprising result in that lower tax rates are generally associated with a less progressive tax schedule. This result for rate effects draw from the fact that a shrinking of tax bases brought about more unequal taxable income distribution, with the redistributive effects of tax rates being more progressive. Moreover, it is found that actual tax rates for high income earners were not so high, even if the top tax rates are extremely high, because of a thin distribution of high income. Third, progressivity measures showed identical trends over the period under any approach concerned with pretax income definition. Therefore, the analyses of this article seem to be consistent and reliable.
One caveat is that this work covers only the income redistribution arising from changes in income taxation, without taking into account changes in local personal income taxes and social security expenses. In addition, income as defined here does not contain imputed income from housing and interests and dividends owing to difficulty in calculating their accurate values. Because they seem to be associated with the trends in tax progressivity, including these elements in this analysis would provide further contribution to the existing literature. Note : Units of Mean, Minimum, Maximum, and Median are 10 thousand yen, and one yen is about 0.01 USD. SD denotes the standard deviation; CV the coefficient of variation; SVC the squared coefficient of variation; TI the Theil index; MLD the mean logarithmic deviation; AI the Atkinson index. P10 and P90 are proportion of the income at each percentail to the median income. P90/P10 represents the P90 devided by P10. , 1984 -2004 1984 1989 2004 Growth rates, 1984 -1989 Growth rates, 1994 Note : "RS index" refers to Reynolds-Smolensky index; "BD index" to Blackorby-Donaldson index. "Rate effects" represent redistributive effects of tax rates; "Base effects" those of tax base. In the two BD indices, "e" denotes the Atkinson's inequality-aversion parameters. 1984 1989, 1994 1999, 2004 
Thousand yen
